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[1KB] ««,»j£*«fa3*ateW»as i GeSZBl&T 
I Mik^BL ] tt» flW& » G e m&Zm-T SSiGel 

fT2 2%Hfct*| l S i Gel^l 00nm~50 
0nm©W3K:*8l'r*ia<b. Ml • 10' 6 cm 
" 2 -5 • 1 0 1 6 cm" ! 0 F-XfiT\ $02 0 k e 
V~4 0 k e VCDi^-M^T. H + A S i Gel 

5 o TOSSt, m 3 o #~ 3 o #63. -> <; 3 >s«*j 

J:CFS i GeH : &IST-- , ;>^(/-C. SiGeJf£i&8 
/t^";3>OB*M5 nm~3 0 nm<E>J¥S«:HST * 
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[«U#B1 1 H*flWl>G e SS i GeH 

*c 

y =3 >St££S«T £Xg i % 
G e igg^Ji/^T 2 2 Vo^XAlV fo ^SiGe H££j 
100nm-500n m<DJ?£ CCflffll^iiei . 
JKjl • 1 0 1 6 cm" 2 — 5 • 1 0 1 6 cm" 2 CDF- 
XSr, 3Sj2 0 keV-4 0 k e V<D:t*;l/=FT\ H + 
^^>^RS i GeH«£A-r£Xg£. 
^R£tt#fflM^-C, Jft6 5 5 0°C<D*&gT\ ft 

3 0»-3 0m 3>»«*jJ:CXttS i GeH 

^ir^-»;>^t 4 es i GeJi*«srraxe 

4fi5nm-3 0nm©W3K:tat5IIi, 

4 0 0°C-6 0 0 •COfiffiTS S i G e CDH£*i«*r 

ilWBH l KIBiS<D;tf£. 
[IS*JB3 ] iiulB&AXflJ: 0 fcrnffc:, MISS i G e 
■±«C5/y n>BWb*f©)Btl&5 OA-3 OOAOf? 

ia»«is i Ge»±cc»i o o nm©«s*^-ra«si 

5 i Ge©JB*flfflfr*XS*S6«:*tf, if^Hc 
IBSgO^ffio 

J JtKB9K^GeiUe«4rr«S i Gel 

r v 

Ge«K^ J &^*1C2 5%J£t±OS iGei* t ft 4 
OO'C-6 0 0 °C<DKBrt£>Sg"C\ ^100n m— 5 
0 0 nm©»SCC*8|-r*X«<fc. 
fil ■ 10 1 8 cm- 2 -5« 10 1 6 cm" 2 (DF- 
Xtr, fi2 0keVM5keV©i*;^"C 4 H + 

<4*>zms i GewecaA-rsxgi, 

T;Vrf>^Ha^r. ftB 5 0X^9 5 0 TKDflBrr\ 
»3 0#^3 0 flffiL «^y3>«E*J<tCW»S i Ge 
Jt%(HT--y>yi/T. »S i GelSUffltSIS 

ScKfns i Geii±cc, gisRS*©**ofc^y ^><d 

■*«5 n m - 3 0 n m©JIS tcJffltSIgi % £^ 

[»*B7 ] liylBaAXficfc 0 feBUtC, SulBS i G e 
»±K^>y 3">Hffc«©JB*»5 OA-3 0 0A<DJ?£ 
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[MH&B8] IHBttnS i Gel^f ?^30 0nm 

*Mr**«tefc, «JiBJftr--y>yxfiJ:0feS 
-SJifns i Ge©»*JffflW-*xg*3&«:*tf. if* 

316tCiBig©^& 

[M3&99] JtKa»^GeMUE««rSS iGei 
> y 3 >3«£!§{£T ^ii i % 

10 ft 4 0 0 0 0- 6 0 0 °C<D^Bl*3<£>figr, G e 

>\,&mV2 2%&!±<DS i GelSftl 0 Onm-5 0 
0 n mCDilS fcitlST £Xfi<b , 
ftl ■ 1 0 1 0 cm" 2 ^5 • 10 1 e cm" 2 ©F- 
XfiT\ fi20keV^45ke V©x*^^"C 4 H + 
J*>*ms i GemteiZ\-?Z>JM£, 
^RStt#B$t*T\ 1^650^-950 "COaSTC. ft 
3 0#-3 0m M^U:?>£K*J:eflKS i Gel 

S*i*«fc5CcKS i Ge»S:«fpr*XBi. 
20 f£5ftfl]S i GeJH_bK: % 5ISB2*<D^ofc^y 3>C0 
JB*»5nm-3 0nm©»3«:Jiffl|-i-*XSi, £^ 

rm^a i o ] ssriaaAxgj: o t>mic* mibs i g 

e B±(CS/ y n >^b«BJ©»*Jft 5 0 A- 3 0 0 A CD/? 

m^mi i] ioiBi»r^-y>^xg«. r;u^> 

[tt#9 1 2 ] huIB^T^- V>#JM& K) fclfcte, 
30 ftTIBlgfDS i GelltCfil 0 0nm©»SWfS« 
»S i Ge©»*Jt8t*SXS*S6K:*tr 1 ft*® 9 

[SB*3B1 3 ] mflB£l#[JS i GeJB<DJ*S#3 0 0 n 
m*«r**»^CCMK lufBSgfQS i Ge/IJiKft 1 
OOnmQf^^t^IfQS i GeCDH^lta-r^X 

[000 1] 

(mmmm) 2 0 

40 00^4^3 0«CffilBI3nfc*S«FSmjHI»O 9/5 4 
1. 2 5 5-^r> rs i±CCJV(r>ttfflS i GeH^5KfiET 

*S#l*ffiM^0 9/7 8 3. 8 1 7-SfCD rsi, . f 
Ge, CMOSOatiWlttiSiSErS^ffij tcMm? 

rs i GejB*jBflE"rsxg*a*rs**i*««©« 

50 [ 0 0 0 2 ] 



3 

&Wi&<Dm_kLtcMO S F E Tt^W * 

Ztc&lC. nMOSf^X (We lser 6© M S t 
rain dependence of the pe 
rformance enhancement in 
strained-Si n-MOSFETs". I 
EDM Conference Proceeding: 
s, P. 373 (1994) (im^JCWl 1 ) . 
Rim6<D" Fabrication andanal 
ysis of Deep submicron st 
rained-Si N — MO SFETs" . IEE 
E Transactions onElectron 
Devices. Vo 1 47, 1406, (2 

0 0 0) ($m$FXM2) % *5<fctfR i m^CD" S t r 
ained Si NMOSFETs for h i g 
h performance CMOS techno 

1 ogy, 2 00 1 Symposium on V 
LSI Technology Digest of 
Technical Papers, p. 59, I 
EEE 2 0 0 1 (mm$M3) ) ttfcWCpMOS 
fv'WX (R i m6£>" Enhanced hole 
mobilities in sur face-cha 
nnel strained-Si p-MOSFET 
s " , I E DM Conference Proce 
edings, p. 517(1995) (imftXM 
4) % teitfNaya ke>^ w High-mobi 1 i 
tyStrained-Si PMOSFETs" , 
IEEE Transactions on Elec 
tron Devices. Vol.43, 170 
9 (1 9 9 6) <#H«KSatt5 ) ) <DW#fcoi>T. 
/fl»jS*«fPStifcS i i - * Ge, ;<?7 7lS, iS 

& c M;b^i/«J r3>T r ^'^X<bttl5L-C. Lef f<7 

±L/cCi^R i m6<£>2 0 0 1 *?<D$MlrC%i%2tlX 

(hiqh-field hole mobilityrtU 0 %*t[Sl±U/cC i 
# v Nay ak6te«fcor*£StiTt»5. 
[0 00 3 ] /?1>S i i - , Ge, JH2» ? h 

(R. Hul 16©"Nucleation of 
misfit dislocations in st 
rained-layer epitaxy in t 
he Ge x Sii - ,/Si system", 
J . Vac Sci. Techno 1, , A7, 
2 5 8 0. 1 9 8 9 <#2£ifc£i«6 ) , Hough 
ton (Z) M Strain relaxationkin 
etics in S i i - r Ge f /S i hete 
restructures", J . App 1. P 
hys. . 7 0. 2 1 36. 1 9 9 1 (ffttlttl: 
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i£7 ), Wickenhauser 60" D e t e r m 
ination of the activation 
energy for theheterogene 
ous nucleation of misfit 
dislocations in Sii-«Ge«/ 
Si depositedby selective 
epitaxy", App 1. Phy s. Let 
t . . 70. 324, 1997 
8). Matthews ££>" Defects in 
10 epitaxial multilayers", 
J. Cryst. Growth. 27, 11 

8 . 1 9 7 4 (*«f»X1K9 ) , J:OT a n g h 
<O n Investigation of disloc 
ations in Sii - , Ge«/Si het 
erostructures grown by LP 
CVD" . J. Cryst. Growth, 1 
2 5.3 0 1. 1 992 10)). 

[0 0 0 4] L#>U CCD-fUtXCDffl. MIS. 

[0 00 5] JKAK<om»amS i.-.Ge,^^ 

fiT*S <R i m6CCj:S2 0 0 0¥©±SB:tt8t Na 
yak fcOiESSR. Schaeffler h<D n H i 
gh — electron-mobility S i/S 
iGe heterostructures: inf 
luence ofthe relaxed S iGe 
buffer layer", Semicondu 
30 ctor. Sci. Technol., 7.26 
0 . 1 9 9 2 mm^Xm ID, WCfFi tzg 
e r a I d 6©" Totally relaxed G 
e, Sii - x layers with low t 
hreading dislocation dens 
ities grown onSi substrat 
e s " , Appl. Phys. Lett., 5 

9. 8 11. 199 1 (JHSftXHl 2) ) . Ufr 

ttl 0E6 cm" 2 ZBtLZo 3 6^ ZkumCDmZ* 
40 Wt^S i , - x Ge, mZJ$ffi.<Dmm'*imte'r^JX 
(DM&tcmfr&tfCtte. ^wrtt&o. SIMOX 
(^e paration by I m p 1 a n t a t i 
on of Oxygen) ^i^±W^S iGe 

Si/Si Gertie ififctorffitciif 

Sftfc? i ;-^n-7"^>^^*-r^(free-floatrinq f 
oil)i(,tlSS^. LfrU ^'j3>iSiGeli 
(D/l^CDhb^ S i GelW^y ^>m^<D$&tiL<Dfe 
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(LeGous e £>£>" Relaxation - of 
SiGe thin films grown on 
S i /S i 0 2 substrates", J. A 
ppl. Phys. 75(11) 1994 &m 
fWOSU 3) , WOTowe 1 1 6<D" New ap 
proach to the growth of 1 
ow dislocation relaxed Si 
Ge material". Appl. Phys. 10 

Lett., vol.64, 1856(199 
4 ) <#**fW3K 14)). 

[0006] ^»j«?AaA*jJ:cxr^.-u>^K:j:or 
> »; 3 :>** j: # g e & e>tf ccjgjss n 

fc?L«. <Ettt©IBCc^rjSE«©ffli:R5lilFffl*W 
nci^on^. S i Ge/S i |?ffifc?L*» 

HSStiWofc (Fol lstaedt *>£>" Ca v 
ity-dislocation interacti 20 
ons in S i -Ge and imp 1 i cat 
ions for heterostructure 
relaxation", Appl. Phys. L 
ett. , 69, 2059. 1996 (#Wr* 

Ki 5) ) . 8 056©«»*ausrafc«>cctt, am. 
r--y>y*»i oooxrci«mfT9*Hi!#**. 

STSCiWotC^ (We 1 d o n 6<D" On 
the mechanism of the hydr 30 
ogen-inducedexf ol iation o 
f silicon", J. Vac. Sci.Te 
chnol. B. 15. 1065. 1997 

iimtfxmi 6) ) o c^siit ^oiso 1 (s_ 

i 1 i c o n -_o_n -j_ n sulator) *yjis\<DWl 
iSfC/Bt,>6ftT***K TSmartCutj (ffiS) V' 

£>;£I£ (S. Man t 1 6©:£|R*5<fctfH. Trink 
au s6<D*lR> tt, *fSA«:ffll^S i QeCOmm 

fBSl/T^So (S. Man t 1 6<£>" Strain 
relaxation of epitaxial S 
iGe layers on Si (100) imp 
roved by hydrogen implant 
ation. Nuclear Instrument 
s and Methods in Physics 
ResearchB 1 47. 2 9, ( 1 9 99) 
(IffigfJCffi 17). feJ:0*H. Tr i n k a u s 6 
CD" Strain relaxation mecha 
nismfor hydr ogen - imp 1 ant e 50 
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d S i 1 - x Ge, /S i (100) hetero 
structures", Appl. Phys. 
Lett., 76. 3552. 2000 
SMI 8 ) ) Ufrb, ±IEW^#6«. M2tfit>r*>2 
0 0 0 A~2 5 0 0 AT&D, G e iR&ffi^JVMMV 2 
2%5fcffi~C&ZS i G eH<D»«P&«Sl/-tlr>4. C<D 

rs*s#. MJimiMr^2>*H#f*mEimo9/5 4 

1. 2 5 5#ocHR*stiT*5?K JSWttlftliCcjc-orii 

n«**ia«rs*ffi*5. wamiK"c*s*H«F»ipaB[ 

00 9/7 8 3. 8 1 7-St<cHS*S*iTt>4. H8il*H 
«S¥HMB»0 9/5 4 1, 2 5 5^t iK32 1%(DGe 
fcfttfS i Ge»R©JBJSE«:oii-CiSttUrir»S. * + 

[0 00 8 ] K-r^O^RIW5S», 3 0%^(DGe4 

^y>AjiA*«««tftSt«§LTC^ (M. Lu 
y s b e r g 6<E>" Relaxation of Si 
i-*Ge x bufferlayers on Si 

(100) through Helium imp I 
antation". Abstracts of t 
he 2001 MRS Spring Meetin 
g. Abstract P5.4, April 1 
8, 2 0 0 1 WHMKORl 9) ) . 

[000 9] 

[#ttMF&iR HWelser 6<D" Strain d 
ependence of the performa 
nee enhancement in strain 
ed-Si n-MOSFETs", I E DM Co 
nference Proceedings, p. 3 
7 3.1 994, 

[#WWt$M2 ] R i m6<D" Fabrication 
and analysis of Deep sub 
micron strained— Si N— MOSF 
ETs" , IEEE Transactions o 
n Electron Devices, Vo 14 
7, 1406. 2000 

[#fttfcXM3 ] R i m6<D" Strained Si 
NMOSFETs for highperform 
ance CMOS technology. 200 

1 Symposium on VLSI Techn 
ology Digest of Technical 

Papers. p. 59. IEEE 2 00 1 
[*WipSaR4] pMOSf/W^ (Rim6£>" En 
hanced hole mobilities in 

surface — channel strained 
-Sip-MOSFETs", I E DM Confe 
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rence Proceedings. p. 517, 
1 9 9 5, 

t*WlF*lR5 ] Nayak e><D" High-mobi 
lity Strained-Si PMOSFET 
s " . IEEE Transactions on 
Electron Devices. Vol. 43. 

1 70 9 ( 1 9 9 6) 
[^BpsfcfcffiB ] R. Hull *><D" Nucleati 
on of misfit dislocations 
in strained-layer epi tax 
y inthe Ge, Si> - »/Si syste 
m", J . Vac Sci. Technol.. 
A7. 25 80. 1 98 9. 
[#H*lfcfclR7 ] Houerhton©" Strain 
relaxation kinetics in Si 
l. , . t Ge x /Si heterostructure 

s " . J . AppI. Phys, , 70. 21 
36. 1 99 1. 

l$$#V?$M8 ]Wickenhauser £><D" D e 
termination of theactivat 
ion energy for the hetero 
geneous nucieation of mis 
fit dislocations in S i i - * 
Ge x /S i deposited by selec 
tive epitaxy". AppI. Phy 
s. Le t t. .- 70. 3 24. 1 99 7, 

[#Wr3aR9 ]Matthews6©" Defect 
s in epitaxial multilayer 
s " . J. Cryst. Growth. 27. 
1 1 8. 1 974, 

[*WKF*IK 10] Tang £><D" I n v e s t i g a 
tion of dislocations in S 
ii - i Ge« /S i heterost ructur 
es grown by LPCVD" , J. Cr 
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[#!S8fcS3K 13] LeGouse h<D n R e 1 a x a 
tion of SiGe thin films g 
rown on S i/S i O z substrate 
s" . J. AppI. Phys. 7 5(1 
1) . 1994 

ItmWSM 14] P o w e 1 1 6<D" New a p p 
roach to the growthof low 
dislocation relaxed SiGe 
material". AppI. Phys. L 
10 ett. , vol. 64. 1856. 1994 

lim&JtM 15] Fol lstaedt h<D" C a v 
ity-dislocation interacti 
ons in Si-Ge and imp Meat 
ionsfor heterostructure r 
elaxation". AppI. Phys. Le 
t t. . 69. 2059. 1 996 
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[0010] 

*5l>r % l'10 l6 cm- 2 -3-10 18 cm- 2 
© F-Xit 1 8 k e V^U •) A-/* >^ffiA3ti, 7 
5 0'O~l 0 0 0*C(DRTA^S^iSStlfc3 0%<DG 
eiftK*^*T£ 1 0 0 nm<DJ¥3CDS i GeJitCfe^ 

so «©i£*iB«3wifiss tifcc ttmmttc$m 

SftTC>4. »3t*«\ Ge«fi»*2 2%J:9felSt>» 
50 ^ttA^rtt^l^MK^tl^o 2 
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2%&&x.ZG eiig^rWt5WcC 100nm-50 
OnmOmZCOIfcjJffltoS i G e B£Jfr&T&fctf>K:, 

tfl 0 0nm-50 0 nm) (S*««Sftfc¥»&S i 
Geli (R) «\ SiMOSFET7^';^>3>0 

fcti>ccfli(r>6ti&3l Si*®** o fc > y ^ >m<Dic&> 

[0 0 12] 

/Sir SfiftlioiMar^ot, 

2 2XH±t*4S i Ge/I£:&Jl 0 Onm-5 0 0 n 
mCDJ?3K*£1f-<r&X*I<t, till • 10 1 6 cm" 2 - 
5 • 1 0 1 6 cm' 2 <OY-XmrC. #J2 0 keV-4 
0keV©xWf, H + -f*>*KS iGelfcft 
At^iSi, *&&gmfSA**c* **J6 5 0 °C-9 5 0 20 
•CCDSftr, »3 0#-3 0m 
CTSS i Ge@^ir^»;>^t, tS i Gel^ 
MWT6XfI<t, ilfDSiGell^ 3l3ffi*©*» 
fr<otcis U =J >@ 5nm-30n m©» S Kl*iSrr 

[0013] mms i Ge©i*«fflT4Ii*«, fa 4 
OO'C-600 °CCDfigr'^S i G e <DB**iS*r 4. 

[0014] iJiB&AXflJ: 9 fetJOC. MI2S i GeJi 
±CC^U 3>K{BgJO»«:tt5 OA— 3 0 0 A<DJf£&C 

inarsisis^ccdte. 30 

[0015] f«fE&T^-y>^Xg<fc?) feflfcfc. 0UI2 
HfflS i GeJB±*Ofcl 0 0nm©»3**-r4«*PS 

[0 0 18] «r8a»r--y>yxstt. t;i^>#h 

[ 0 0 1 7 ] **9B©*»«ai«a)WB*ffiB^ 
ltlSBWl»Gei*ft**rr*S i GeK»lW4*a 

llt2 5%fe(±©S i Gel^ fa4 0 0 e C-6 0 0 
•COgl^cDiagr, filOO nm— 5 0 0nm©f$ 
&c*8tT£XH<^ »1 • 1 0 1 6 cm' 2 -5 - 1 0 
1 6 cm" 2 <DF-**C. ^j20keV-45keV 
H + -Y^>^iSS i GeJMfc&A-r&X 
7;^>fIS*t, fa6 5 0*C-9 5 0T;£>S 

i G eJISrUST^- «J >^LT . «S i G eJIgMfD? 
4ISt, S5HfnS iGeI±JC, SISRS^O^ofc 
3>BS:J|05nm^3 OnnKDWStCiifilTSXg 50 
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[0018] futaaAxgj: o fejsrcc, iotas iGei 

±fc > V 3 >9Mb«JG> H*» 5 0 A- 3 0 0 AcDJS £ fc: 

«ar^xg*$6oc$o. 

[0019] itulSMfOS i GeJB©/?3#3 0 0 nm* 

iwa»r--y>yxs<fco 

lulB^fOS i GeJI±CCfal 0 0nm©*3*ST5tt 
fflS iGeOJB**a-r*Xa«r36«:dtf. 
[002 0] *^<Z>*2»ftSffi©»^*^«, 
H«K*C>Ge«K«rrSS i Gel^Mt^ 

«*ft«-rSXg±. ft4 0 0X^6 0 0 TJ©«Hrt<Z> 
fiffir, G e JW5*T 2 2 %&Lk<D S i Gel 

0 Onm-5 0 0 n mOm^UL^'T^TMt % 
.ftl • 1 0' 6 cm" 2 ^5 • 10 1 6 cm" 2 OF- 
XMrC. R2 0keVM5keVOxWft, H + 
>ft>^iS i GeJf K:aAT&XfI<t, ^ffitt^H^ 
fa 6 5 0*C-9 5 OTOSgr, fi3 0»-3 0 
i^'in^SWolS iGel^ir^'J 
>^LT, il>ft< i*>7 0 96O«W#JtliS3nSJ:5K:" 
SES i Ge«*a*Pr4Xgi, SifllS iGell 
CC % 5ISBS*03^3&»ofcS^y :n>£>JI£fa5 nm— 3 0 
nm©f^ iOSit 
[0 02 1 ] MiB&AXHJ: D feM«:> bmIBS iGei 
±<C$/y 3>Kffcft©«&fa5 OA- 3 0 0 ACD/53&C 
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CLAIMS 



[Claim(s)] 

[Claim 1] The process which is the manufacture approach of the semi-conductor substrate which 
includes the approach of forming the SiGe layer which has comparatively high germanium 
concentration, and offers a silicon substrate, the process from which germanium concentration 
deposits on the thickness of about 1 OOnm - 500nm the SiGe layer which is 22% or more in a mole 
fraction, and about 1 .1016 — with the dose of cm-2-5.1016cm-2 In the process which injects H+ ion 
into this SiGe layer with the energy of abbreviation 20keV-40keV, and an inert atmosphere At the 
temperature of about 650 degrees C - 950 degrees C, heat annealing of this silicon substrate and this 
SiGe layer is carried out for [ about 30 seconds - ] 30 minutes. The manufacture approach of a semi- 
conductor substrate including the process which eases this SiGe layer, and the process which 
deposits the silicon layer which tensile strain required on this relaxation SiGe layer at the thickness 
of about 5nm - 30nm. 

[Claim 2] The approach according to claim 1 the process which deposits the layer of said SiGe 
deposits the layer of this SiGe at the temperature of about 400 degrees C - 600 degrees C. 
[Claim 3] The approach according to claim 1 of including further the process which deposits the 
layer of a silicon oxide on said SiGe layer before said impregnation process at the thickness of about 
50A-300A. 

[Claim 4] The approach according to claim 1 of including further the process which deposits the 
layer of the relaxation SiGe which has the thickness of about lOOnm on said relaxation SiGe layer 
after said heat annealing process. 

[Claim 5] Said heat annealing process is an approach according to claim 1 performed in argon 
atmosphere. 

[Claim 6] The process which offers the silicon substrate chosen from either of the substrates which 
are the manufacture approaches of the semi-conductor substrate which includes the approach of 
forming the SiGe layer which has comparatively high germanium concentration, and consist of bulk 
silicon and SIMOX, germanium concentration 25% or more of SiGe layer with a mole fraction at the 
temperature within the limits of about 400 degrees C - 600 degrees C the process deposited on the 
thickness of about lOOnm - 500nm, and about 1.1016 — with the dose of cm-2-5.1016cm-2 In the 
process which injects H+ ion into this SiGe layer with the energy of abbreviation 20keV-45keV, and 
argon atmosphere At the temperature of about 650 degrees C - 950 degrees C, heat annealing of this 
silicon substrate and this SiGe layer is carried out for [ about 30 seconds - ] 30 minutes. The 
manufacture approach of a semi-conductor substrate including the process which eases this SiGe 
layer, and the process which deposits the layer of the silicon which tensile strain required on this 
relaxation SiGe layer at the thickness of about 5nm - 30nm. 

[Claim 7] The approach according to claim 6 of including further the process which deposits the 
layer of a silicon oxide on said SiGe layer before said impregnation process at the thickness of about 
50A- 300A. 

[Claim 8] The approach according to claim 6 of including further the process which deposits the 
layer of the relaxation SiGe which has the thickness of about lOOnm on said relaxation SiGe layer 
after said heat annealing process when the thickness of said relaxation SiGe layer is less than 3 OOnm. 

[Claim 9] At the process which is the manufacture approach of the semi-conductor substrate which 
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includes the approach of forming the SiGe layer which has comparatively high germanium 
concentration, and offers a silicon substrate, and the temperature within the limits of about 400 
degrees C - 600 degrees C the process from which germanium concentration deposits 22% or more 
of SiGe layer on the thickness of about lOOnm - 500nm in a mole fraction, and about 1.1016 — with 
the dose of cm-2-5.1016cm-2 In the process which injects H+ ion into this SiGe layer with the 
energy of abbreviation 20keV-45keV, and an inert atmosphere At the temperature of about 650 
degrees C - 950 degrees C, heat annealing of this silicon substrate and this SiGe layer is carried out 
for [ about 30 seconds - ] 30 minutes. The manufacture approach of a semi-conductor substrate 
including the process which eases this SiGe layer so that at least 70% of relaxation may be attained, 
and the process which deposits the layer of the silicon which tensile strain required on this relaxation 
SiGe layer at the thickness of about 5nm - 30nm. 

[Claim 10] The approach according to claim 9 of including further the process which deposits the 
layer of a silicon oxide on said SiGe layer before said impregnation process at the thickness of about 
50A-300A. 

[Claim 1 1] Said heat annealing process is an approach according to claim 9 performed in argon 
atmosphere. 

[Claim 12] The approach according to claim 9 of including further the process which deposits the 
layer of the relaxation SiGe which has the thickness of about lOOnm on said relaxation SiGe layer 
after said heat annealing process. 

[Claim 13] The approach according to claim 12 by which the process which deposits the layer of the 
relaxation SiGe which has the thickness of about 1 OOnm on said relaxation SiGe layer only when the 
thickness of said relaxation SiGe layer is less than 300nm is performed. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] (Related application) This application relates to the United States patent 
application 09th for which it applied on April 3, 2000 / the "approach which forms a thick relaxation 
SiGe layer on Si" of No. 541,255, and the United States patent application 09th for which it applied 
on February 13, 2001 / the "approach of reducing the leakage current of Sil-xGexCMOS" of No. 
783,817. 

(Field of invention) This invention relates to the manufacture approach of the semi-conductor 
substrate which includes in a detail the process which forms a SiGe layer using hydrogen 
impregnation about the manufacture approach of semi-conductor substrates, such as a high-speed 
CMOS integrated circuit. 
[0002] 

[Description of the Prior Art] In the MOSFET device application whose mobility improved, in order 
to raise carrier mobility nMOS device (Welser and others) [ "Strain ] dependence of the performance 
enhancement in strained-Si n-MOSFETs" IEDM Conference Proceedings p. 373 (1994) (nonpatent 
literature 1) Rim's and others "Fabrication andanalysis of Deep submicron strained-Si N-MOSFETs" 
IEEE Transactions onElectron Devices Vol47 1406 (2000) (nonpatent literature 2) And Rim's and 
others "Strained Si NMOSFETs for high performance CMOS technology 2001 Symposium on VLSI 
Technology Digest of Technical Papers, IEEE p.59, 2001 (nonpatent literature 3), and pMOS device 
(Rim and others) [ "Enhanced hole mobilities in surface-channel strained-Si ] p-MOSFETs" 
IEDMConference Proceedings p.517 (nonpatent literature 4) (1995), And Nayak's and others "High- 
mobilityStrained-Si PMOSFETs" IEEE Transactions on Electron Devices Vol.43, 1709 (1996) 
(nonpatent literature 5) About both, the thick Sil-xGex buffer layer by which stress relaxation was 
carried out is used as a virtual substrate for a thin distorted silicon layer. As compared with the bulk 
silicon device, it is reported to the reference in 2001 of Rim and others in the device which is 
Leff<70nm that electron mobility improved 70%. High electric-field Hall mobility in a long channel 
device (it is reported by Nayak and others that high-field hole mobility improved to 40%.) 
[0003] A thick Sil-xGex layer by formation of a misfit rearrangement plastically Distortion (stress) 
eases (R. Hull and others). [ "Nucleation of misfit dislocations in strained-layer epitaxy in the 
GexSil-x/Si ] system" J. Vac Sci. Technol. A7 2580 1989 (nonpatent literature 6), "Strain 
relaxationkinetics in Sil-xGex/Si heterostructures" of Houghton J. Appl. Phys. 70 2136 1991 
(nonpatent literature 7), Wickenhauser ! s and others "Determination of the activation energy for 
theheterogeneous nucleation of misfit dislocations in Sil-xGex/Si depositedby selective epitaxy" 
Appl. Phys.Lett. 70 324 1997 (nonpatent literature 8), Matthews f s and others "Defects in 
epitaxialmultilayers" J. Cryst. Growth 27 1 18 1974 (nonpatent literature 9), And Tang's and others 
"Investigation of dislocations in Sil-xGex/Si heterostructures grown by LPCVD" J.Cryst. Growth 
125 301 1992 (nonpatent literature 10). 

[0004] However, a penetration rearrangement usually occurs between this process. The engine 
performance of a device falls by existence of a penetration rearrangement, and the yield of a device 
falls remarkably. 

[0005] The current latest technique of manufacturing the strain relaxation Sil-xGex buffer layer of 
high quality the rate of a presentation is growth of the layer which has different (it inclined) 
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thickness of several micrometers in the thickness direction (the above-mentioned reference in 2000 
by Rim and others --) Nayak's and others above-mentioned reference, Schaeffler f s and others "High- 
electron-mobility Si/SiGe heterostructures: influence ofthe relaxed SiGe buffer layer" 
Semiconductor. Sci. Technol. 7.260 1992 (nonpatent literature 1 1), And Fitzgerald's and others 
"Totally relaxed GexSi 1-x layers with low threading dislocation densities grown onSi substrates" 
Appl. Phys. Lett., 59 81 1 1991 (nonpatent literature 12). However, the consistency of a penetration 
rearrangement still exceeds 10E6cm-2 highly, for example, typically. Furthermore, it is not realistic 
to include the Sil-xGex layer which has the thickness of several micrometers in manufacture ofthe 
device which can use commercial. Research is done also about relaxation ofthe SiGe growth on a 
SIMOX (Separation by Implantation of Oxygen) wafer, and a Si/SiGe double layer is served in this 
case as free floating foil (free-floating foil) evenly maintained by the substrate. However, the ratio of 
the thickness of silicon and a SiGe layer must be controlled by accuracy so that the nucleation ofthe 
rearrangement from a SiGe layer to a silicon layer and the skid of a rearrangement happen. 
Moreover, in order to enable it to use this technique for almost all technical applications, A lot of 
germanium It needs to be developed so that it may contain (). [ LeGouse ! s and others "Relaxation of 
SiGe thin films grown - Si/Si02 substrates", ] [ J. Appl.] Phys. 75 (1 1) 1994 (nonpatent literature 
13), And Powell's and others "New approach to the growth of low dislocation relaxed SiGe material" 
Appl. Phys. Lett, vol.64 1856 (nonpatent literature 14) (1994). 

[0006] It turns out that it has a short-distance mutual attracting action with the hole powerful 
between rearrangements formed in silicon, germanium, and those alloys of helium impregnation and 
annealing. By preparing a hole in a SiGe/Si interface, the rate of stress relaxation improves 
substantially and the rearrangement fine structure deforms. However, reduction of penetration 
dislocation density was not observed (Follstaedt's and others "Cavity-dislocation interactions in Si- 
germanium and implications for hetero structure relaxation", Appl. Phys. Lett., 69, 2059, 1996 
(nonpatent literature 15)). In order to attain 80% of relaxation, it is necessary to still perform 
annealing at about 1000 degrees C for 1 hour. 

[0007] Moreover, it turns out that exfoliation of silicon is caused by hydrogen impregnation and 
shearing ofthe detailed layer formed with silicon occurs by it (Weldon's and others "On the 
mechanism of the hydrogen-inducedexfoliation of silicon", J. Vac. Sci.Technol. B. 15, 1065, 1997 
(nonpatent literature 16)). This technique is used for manufacture of a high quality SOI (silicon-on- 
insulator) wafer, and is well-known as a "SmartCut" (trademark) process. The latest reference (S. 
Mantl's and others reference and H.Trinkaus ! s and others reference) by joint research of Germany 
raised whenever [ relaxation / of SiGe ] using hydrogen impregnation, and has reported the 
advantage of reducing the consistency of a penetration rearrangement. It implantation(s). S. — 
Mantl's and others "Strain relaxation of epitaxial SiGe layers - Si(100) improved by hydrogen [ ] — 
Nuclear Instruments and Methods in Physics ResearchB 147 29 (1999) (nonpatent literature 17) And 
H.Trinkaus f s and others "Strain relaxation mechanismfor hydrogen-implanted Sil-xGex/Si (100) 
heterostructures" Appl. Phys. Lett. 76 3552 2000 (nonpatent literature 18), however the above- 
mentioned researchers Thickness is only 2000A - 2500A, and relaxation ofthe SiGe layer whose 
germanium concentration is less than 22% in molar weight is reported. The SiGe layer which has 
such thickness is not enough for commercial device application. The approach of forming the thicker 
film is indicated by the United States patent application 09th which is related application / No. 
541,255, and the method of reducing the leakage current by suitable insulation is indicated by the 
United States patent application 09th which is related application / No. 783,817. The related United 
States patent application 09th / No. 541,255 have indicated formation ofthe SiGe thin film 
containing about 21% of germanium. In order to increase the distortion in a cap silicon channel and 
to raise electron mobility and Hall mobility further, it is desirable to make germanium concentration 
higher. 

[0008] In case joint research of Germany forms the SiGe layer containing germanium to 30% eased 
substantially It is reported that helium impregnation is effective ()♦ [ M.] Luysberg f s and others 
"Relaxation of Sil-xGex bufferlayers on Si (100) through Helium implantation" Abstracts ofthe 
2001 MRS Spring Meeting Abstract P5.4 April 18 2001 (nonpatent literature 19). 
[0009] 

[Nonpatent literature 1] Welser's and others "Strain dependence of the performance enhancement in 
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strained-Si n-MOSFETs" IEDM Conference Proceedings p.373 1994 [Nonpatent literature 2] Rim's 
and others "Fabrication and analysis of Deep submicron strained-Si N-MOSFETs" IEEE 
Transactions on Electron Devices Vol47 1406 2000 [nonpatent literature 3] Rim's and others 
"Strained Si NMOSFETs for highperformance CMOS technology 2001 Symposium on VLSI 
Technology Digest of Technical Papers p.59 IEEE 2001 [nonpatent literature 4] pMOS device 
(Rim's and others "Enhanced hole mobilities in surface-channel strained-Sip-MOSFETs", IEDM 
Conference Proceedings, p. 517, 1995, [nonpatent literature 5]) Nayak's and others "High-mobility 
Strained-Si PMOSFETs" IEEE Transactions on Electron Devices Vol.43 1709 (1996) 
[Nonpatent literature 6] R. Hull's and others "Nucleation of misfit dislocations in strained-layer 
epitaxy inthe GexSil-x/Si system" J. Vac Sci. Technol. A7 2580 1989 [Nonpatent literature 7] 
"Strain relaxation kinetics in Sil-xGex/Si heterostructures" of Houghton, J. Appl. Phys. 70 2136 
1991 [Nonpatent literature 8] Wickenhauser's and others "Determination of deactivation energy for 
the heterogeneous nucleation of misfit dislocations in Sil-xGex/Si deposited by selective epitaxy" 
Appl. Phys. Lett. 70 324 1997 [Nonpatent literature 9] Matthews's and others "Defects in epitaxial 
multilayers" J. Cryst. Growth 27 1 18 1974 [Nonpatent literature 10] Tang's and others "Investigation 
of dislocations in Sil-xGex/Si heterostructures grown by LPCVD" J. Cryst. Growth 125 301 1992 
[nonpatent literature 1 1 ] Schaeffler's and others "High-el ectron-mobilitySi/SiGe heterostructures : 
influenceof the relaxed SiGe buffer layer", Semiconductor. Sci. Technol. 7.260 1992 [nonpatent 
literature 12] Fitzgerald's and others "Totally relaxed GexSil-x layers with low threading dislocation 
densities grown - Si substrates" Appl. Phys. Lett. 59 81 1 1991 [nonpatent literature 13] LeGouse's 
and others "Relaxation of SiGe thin films grown - Si/Si02 substrates" J. Appl. Phys. 75 (1 1) 1994 
[nonpatent literature 14] Powell's and others "New approach to the growthof low dislocation relaxed 
SiGe material" Appl. Phys. Lett. vol. 64, 1856, 1994 [nonpatent literature 15] Follstaedt's and others 
"Cavity-dislocation interactions in Si-germanium and implicationsfor hetero structure relaxation", 
Appl. Phys. Lett. 69 2059 1996 [nonpatent literature 16] Weldon's and others "On the mechanism of 
the hydrogen-induced exfoliation of silicon", J. Vac. Sci. Technol. B. 15 1065 1997 [nonpatent 
literature 17] S. Mantl's and others "Strain relaxation of epitaxial SiGe layers on Si (100) improved 
by hydrogen implantation Nuclearlnstruments and Methods in Physics Research B 147 29 1999 
[nonpatent literature 18] H. Trinkaus's and others "Strain relaxation mechanism for hydrogen- 
implanted Sil-xGex/Si(100) heterostructures" Appl. Phys. Lett. 76 3552 2000 [nonpatent literature 
19] M. Luysberg's and others "Relaxation of Sil-xGex buffer layers - Si(100) through Helium 
implantation" Abstracts of the 2001 MRS Spring Meeting AbstractP 5.4 April 18 2001 [0010] 
[Problem(s) to be Solved by the Invention] In the oral announcement of this paper, 1 8keV helium 
ion is poured in with the dose of 1.1016cm-2-3.1016cm-2, and it is concretely reported in the SiGe 
layer with a thickness of lOOnm which has 30% of germanium concentration to which 750 degrees C 
- 1000 degrees C RTA processing was performed that 80% of stress relaxation was attained. The 
presenter has described concretely that hydrogen impregnation is not effective, when germanium 
concentration is higher than 22%. In order to form a stress relaxation SiGe layer with a smooth 
thickness of lOOnm - 500nm which has germanium concentration exceeding 22%, helium 
impregnation is required and it is reported that hydrogen impregnation is not effective. 
[001 1] The object of this invention is forming the thick (for example, lOOnm - 500nm) smooth SiGe 
layer (film) by which stress relaxation's was carried out using hydrogen impregnation as a buffer 
layer for the silicone film which the tensile strain which have high germanium concentration (22% or 
more, mole fraction), and which are used for high-speed MOSFET application required. 
[0012] 

[Means for Solving the Problem] The process which the manufacture approach of the semi- 
conductor substrate of this invention is the manufacture approach of the semi-conductor substrate 
which includes the approach of forming the SiGe layer which has comparatively high germanium 
concentration, and offers a silicon substrate, the process from which germanium concentration 
deposits on the thickness of about lOOnm - 500nm the SiGe layer which is 22% or more in a mole 
fraction, and about 1.1016 — with the dose of cm-2-5.1016cm-2 In the process which injects H+ ion 
into this SiGe layer with the energy of abbreviation 20keV-40keV, and an inert atmosphere At the 
temperature of about 650 degrees C - 950 degrees C, heat annealing of this silicon substrate and this 
SiGe layer is carried out for [ about 30 seconds - ] 30 minutes, and the process which eases this SiGe 
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layer, and the process which deposits the silicon layer which tensile strain required on this relaxation 
SiGe layer at the thickness of about 5nm - 30nm are included. 

[0013] The process which deposits the layer of said SiGe deposits the layer of this SiGe at the 
temperature of about 400 degrees C - 600 degrees C. 

[0014] The process which deposits the layer of a silicon oxide on said SiGe layer before said 

impregnation process at the thickness of about 50A - 300A is included further. 

[0015] The process which deposits the layer of the relaxation SiGe which has the thickness of about 

lOOnm on said relaxation SiGe layer after said heat annealing process is included further. 

[0016] Said heat annealing process is performed in argon atmosphere. 

[0017] Moreover, the manufacture approach of the semi-conductor substrate of this invention is the 
manufacture approach of the semi-conductor substrate which includes the approach of forming the 
SiGe layer which has comparatively high germanium concentration. The process which offers the 
silicon substrate chosen from either of the substrates which consist of bulk silicon and SIMOX, and 
germanium concentration 25% or more of SiGe layer with molar weight at the temperature within 
the limits of about 400 degrees C - 600 degrees C the process deposited on the thickness of about 
lOOnm - 500nm, and about 1.1016 - with the dose of cm-2-5.1016cm-2 In the process which injects 
H+ ion into this SiGe layer with the energy of abbreviation 20keV-45keV, and argon atmosphere At 
the temperature of about 650 degrees C - 950 degrees C, heat annealing of this silicon substrate and 
this SiGe layer is carried out for [ about 30 seconds - ] 30 minutes, and the process which eases this 
SiGe layer, and the process which deposits the silicon layer which tensile strain required on this 
relaxation SiGe layer at the thickness of about 5nm - 30nm are included. 
[0018] The process which deposits the layer of a silicon oxide on said SiGe layer before said 
impregnation process at the thickness of about 5 OA - 300A is included further. 
[0019] When the thickness of said relaxation SiGe layer is less than 300nm, the process which 
deposits the layer of the relaxation SiGe which has the thickness of about lOOnm on said relaxation 
SiGe layer after said heat annealing process is included further. 

[0020] Moreover, the manufacture approach of the semi-conductor substrate of this invention is the 
manufacture approach of the semi-conductor substrate which includes the approach of forming the 
SiGe layer which has comparatively high germanium concentration, and they are the process which 
offers a silicon substrate, and the temperature within the limits of about 400 degrees C - 600 degrees 
C. the process from which germanium concentration deposits 22% or more of SiGe layer on the 
thickness of about lOOnm - 500nm in a mole fraction, and about 1.1016 — with the dose of cm-2- 
5.1016cm-2 In the process which injects H+ ion into this SiGe layer with the energy of abbreviation 
20keV-45keV, and an inert atmosphere At the temperature of about 650 degrees C - 950 degrees C, 
heat annealing of this silicon substrate and this SiGe layer is carried out for [ about 30 seconds - ] 30 
minutes. The process which eases this SiGe layer so that at least 70% of relaxation may be attained, 
and the process which deposits the layer of the silicon which tensile strain required on this relaxation 
SiGe layer at the thickness of about 5nm - 30nm are included. 

[0021] The process which deposits the layer of a silicon oxide on said SiGe layer before said 
impregnation process at the thickness of about 50A - 300A is included further. 
[0022] Said heat annealing process is performed in argon atmosphere. 

[0023] The process which deposits the layer of the relaxation SiGe which has the thickness of about 
lOOnm on said relaxation SiGe layer after said heat annealing process is included further. 
[0024] Only when the thickness of said relaxation SiGe layer is less than 300nm, the process which 
deposits the layer of the relaxation SiGe which has the thickness of about lOOnm on said relaxation 
SiGe layer is performed. 

[0025] The above-mentioned object and above-mentioned summary of this invention are offered so 
that he can understand the essence of this invention quickly. By referring to detailed explanation of 
the suitable operation gestalt of this invention which relates with a drawing and is explained below, 
he can understand this invention more nearly thoroughly. 
[0026] 

[Embodiment of the Invention] Disclosure of this description shows that its hydrogen impregnation 
is dramatically useful in case the instruction by the conventional technique forms the SiGe film 
which has 22% or more of germanium concentration conversely and by which distortion (stress) 
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relaxation was carried out substantially. Although applied to the SiGe layer (film) which has 
germanium concentration which exceeds 22% for the technique of a publication by the molar weight 
ratio on these descriptions, when using the approach of this invention, the upper limit of germanium 
concentration is not directed. Although helium cannot passivate a defect, since it is known well that a 
defect can be passivated, in the case of commercial device application, hydrogen is more desirable 
[ the hydrogen impregnation ] than helium, using hydrogen impregnation, it has high germanium 
concentration (it is 22% or more at a mole fraction), and the approach of this invention has low 
penetration dislocation density — the thick (for example, lOOnm - 500nm) smooth SiGe layer (film) 
by which stress relaxation was carried out is formed. 

[0027] The approach of this invention is first explained with reference to drawing 1 . Introduction 
and a silicon substrate 10 are offered. A silicon substrate 10 may be bulk silicon or SIMOX 
(Separation by Implantation of Oxygen). On a silicon substrate 10, the distorted SiGe layer 12 
deposits at the thickness which is about 100-500nm. germanium concentration of the distorted SiGe 
layer 12 may be 22% or more by the atomic ratio (mole fraction). With the suitable operation gestalt 
of the approach of this invention, the SiGe layer 12 which has about 30% of germanium 
concentration is formed. Or the SiGe layer 12 to which inclined germanium profile, i.e., germanium 
concentration in the thickness direction, is so high that it becomes thick may be used. It is necessary 
to choose growth conditions and ingredient gas so that surface irregularity may be minimized, while 
securing good crystallinity. This means performing 400 degrees C - 600 degrees C low dental-curing 
length, and usually forming the metastable distorted SiGe film. 

[0028] Reference of drawing 2 pours in H+ ion. The dose of H+ is within the limits of abbreviation 
1.1016cm-2-5.1016cm-2. An energy level is usually within the limits of abbreviation 20keV-45keV, 
although it is dependent on the thickness of SiGe. In order to avoid contamination while an 
impregnation process is carried out, an about 50A - 300A (5-30nm) thin sacrifice silicon oxide layer 
(sacrificial silicon oxide layer) may be deposited on the SiGe layer 12. 

[0029] Drawing 3 shows a heat annealing process. The distorted SiGe layer 12 changes with these 
heat annealing to the 1st distortion (stress) relaxation SiGe layer 14. Annealing is performed [ in 
inert atmospheres, such as Ar, ] over 30 minutes from about 30 seconds at the temperature within the 
limits of about 650 degrees C - 950 degrees C. 

[0030] The 2nd SiGe layer 16 which consists of SiGe by which strain relaxation was carried out to 
arbitration is deposited on the relaxation SiGe layer 14 at the thickness of about lOOnm or more if 
needed. The criteria the layer prepared in this arbitration judges it to be whether it is the need are the 
thickness of the relaxation SiGe layer 14. When the SiGe layer 14 is thinner than 300nm, it is 
required that the additional strain relaxation SiGe layer 16 should be formed so that the thickness of 
the final whole SiGe relaxation layer may be set to at least 300nm. 

[003 1] In the final process of the approach of this invention shown in drawing 5 , the silicon layer 18 
which tensile stress required deposits on the relaxation SiGe layer 14 or the 2nd SiGe layer 16 so that 
it may have the thickness of about 5nm - 30nm. 

[0032] Drawing 6 , drawing 7 and drawing 8 - drawing 10 show the condition after hydrogen 
impregnation of the SiGe film with a thickness of 200nm - 220nm which has about 25% - 30% of 
germanium concentration by the molar weight ratio, and thermal relaxation, germanium 
concentration is about 28 - 30%, and drawing 6 is drawing showing the Nomarski microscope image 
after performing hydrogen impregnation and thermal relaxation of the SiGe layer which has the 
thickness which is 200nm - 220nm. Drawing 7 is drawing showing the X diffraction of the SiGe 
layer shown in drawing 6 . Moreover, drawing showing a 400 times [ after drawing 8 performs 
hydrogen impregnation of the SiGe film with a thickness of 300nm which has germanium profile 
with the dip where the presentation rate of the thickness direction changed, and annealing ] as many 
Nomarski-microscope image as this, and drawing 9 are drawings showing a 1000 times [ after 
performing hydrogen impregnation of the SiGe film with a thickness of 300nm which has 
germanium profile with dip, and annealing ] as many Nomarski-microscope image as this. Drawing 
10 is drawing showing the X diffraction of drawing 8 and the SiGe layer of drawing 9 . 
[0033] Drawing 6 , drawing 8 , and the Nomarski microscope image of drawing 9 show the 
condition of a very flat front face. The reciprocal space map (reciprocal space map) of an X 
diffraction is shown, and, as for drawing 7 and drawing 10 , it is checked, respectively that strain 
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relaxation with the large crystal lattice from at least 70% to 85% is obtained from these maps. 
Reference of drawing 7 shows this condition of having been eased, by the offset between a silicon 
(224) peak and a SiGe (224) peak, as shown by the broken line. 

[0034] Drawing 1 1 shows the Nomarski microscope image after performing hydrogen impregnation 
of the SiGe film which has the thickness of about 300nm which has germanium profile with dip, and 
annealing. Drawing 12 shows the X diffraction of the SiGe layer of drawing 11 . germanium 
concentration -21% to 30% of the SiGe layer front face on a silicon substrate — almost — linear — 
changing . By using germanium profile with dip, the thickness of a SiGe layer can be increased 
easily and the SiGe layer which has a smooth front face and by which strain relaxation was carried 
out substantially can also be offered. The 2nd SiGe deposition usually has sufficient thickness are 
less thin, and, thereby, the quality of this SiGe layer of the whole SiGe layer improves. 
[0035] All the SiGe layers that were constituted based on the approach of this invention and by 
which strain relaxation was carried out are used as a substrate for growing up the silicone film which 
tensile stress required. Then, nMOS which has the hole and electron mobility which improved, and a 
pMOS transistor are formed using these film. Drawing 6 and the SiGe thin film of drawing 7 have 
28.6% of germanium concentration, a SiGe thin layer - the thickness of about 200nm - having ~ 
the energy of about 25 keV(s) ~ it is - about 3.1016- with the ion dose of cm-2, H+ ion 
implantation is performed and it is formed. Annealing of the wafer is carried out for about 10 
minutes at about 800 degrees C in the argon atmosphere in a RTA chamber. The 1000 times as many 
Nomarski microscope image as this shows the smoother front face. The reciprocal space map of the 
X diffraction of drawing 7 shows a big central peak. This peak is a silicon (-2-24) substrate peak. 
The peak of the smaller one which lasts to the right from the bottom is acquired from the SiGe layer 
eased selectively. From the relative location of these two peaks, a SiGe layer has **0.5% of 
germanium 28.2%, and stress is eased **3% 75.8%. 

[0036] Drawing 8 , drawing 9 , and drawing 10 show the 1st smooth (for example, about 85%) SiGe 
layer which has about 30% of germanium concentration and by which stress relaxation was carried 
out substantially. The thickness whose example of this is about 30% and whose germanium 
concentration in a SiGe layer is a SiGe layer is about 220nm. Si02 about 20nm cap is formed of 
PECVD. H+ ion implantation ~ the energy of about 26 keV(s) - it is - about 3.1016 - it is carried 
out with the ion dose of cm-2. Annealing of the wafer is carried out for 9 minutes at about 800 
degrees C in the argon atmosphere in a RTA chamber. Drawing 9 shows the 400 times as many 
Nomarski microscope image photoed in the center of a wafer as this. Drawing 9 is the 1000 times as 
many NOMARU skiing image similarly photoed in the center of a wafer as the same wafer. Drawing 
10 shows the X diffraction of the wafer, the SiGe film has **0.5% of germanium concentration 
29.7%, and stress relaxation is carried out **3% 85.2%. 

[0037] Drawing 1 1 and drawing 12 show the dip germanium sample which was eased substantially 
and which has a smooth front face. Drawing 1 1 is the smooth (for example, about 82%) Nomarski 
microscope image of the 1st SiGe layer eased substantially, and photos the core of a wafer by about 
1000 times. Drawing 12 is drawing showing the X diffraction of the wafer of drawing 1 1 . The 
thickness of a SiGe layer is about 301nm, and has about 21% - 30% of germanium dip profile in the 
condition [ having made it grow up freely ]. H+ ion implantation - the energy level of about 32 keV 
(s) — it is - about 2.1016 — it is carried out with the ion dose of cm-2. Annealing of the wafer is 
carried out for 9 minutes at about 800 degrees C in the argon atmosphere in a RTA chamber. A SiGe 
layer has **0.5% of germanium concentration 27.8%, and stress is eased **3% 82.2%. 
(Other operation gestalten) The approach of this invention grow up the SiGe layer of the thickness 
exceeding 300nm, perform hydrogen impregnation (H-II), perform RTA (make the stress of a SiGe 
layer ease), and may be change by form a **** EPISHI recon cap / channel by it so that a dip 
germanium profile may have bigger germanium concentration than 22% in the front face of a layer. 
This operation gestalt does not need deposition of the 2nd SiGe layer. 

[0038] Other operation gestalten of the approach of this invention grow up the 1st SiGe layer which 
has germanium profile which fixed germanium profile or dip attached. Perform hydrogen 
impregnation (H-II) and RTA is performed (making the stress of a SiGe layer ease). The 2nd SiGe 
layer which has germanium profile which fixed germanium profile with bigger germanium 
concentration in a front face than 22% or dip attached is grown up, and it includes forming a **** 
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EPISHI recon cap / channel by it. The sum total of the thickness of the SiGe layer of this operation 
gestalt of the approach of this invention needs to be 300nm or more. 

[0039] As mentioned above, the approach of forming the relaxation SiGe layer which has high 
germanium concentration was indicated. It is understood that the further deformation and the further 
correction can be made within the limits of this invention specified to the claim. 
[0040] 

[Effect of the Invention] as for the manufacture approach of the semi-conductor substrate of this 
invention, a mole fraction has 22% or more of high germanium concentration in this way using 
hydrogen impregnation — the thick smooth SiGe layer by which stress relaxation was carried out can 
be formed, and a high speed MOSFET can be manufactured by the SiGe layer. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the SiGe deposition approach of this invention. 

[Drawing 2] It is drawing showing the SiGe deposition approach of this invention. 

[Drawing 3] It is drawing showing the SiGe deposition approach of this invention. 

[Drawing 4] It is drawing showing the SiGe deposition approach of this invention. 

[Drawing 5] It is drawing showing the SiGe deposition approach of this invention. 

[Drawing 6] It is drawing showing the Nomarski microscope image after performing hydrogen 

impregnation and thermal relaxation of the SiGe film which has the thickness germanium 

concentration is about 28 - 30%, and is [ thickness ] 200nm - 220nm. 

[Drawing 7] It is drawing showing the X diffraction of the wafer of drawing 6 . x 

[Drawing 8] It is drawing showing a 400 times [ after performing hydrogen impregnation of the SiGe 

film with a thickness of 300nm which has germanium profile with dip, and annealing ] as many 

Nomarski microscope image as this. 

[Drawing 9] It is drawing showing a 1000 times [ after performing hydrogen impregnation of the 
SiGe film with a thickness of 300nm which has germanium profile with dip, and annealing ] as many 
Nomarski microscope image as this. 

[Drawing 10] It is drawing showing the X diffraction of drawing 8 and the SiGe layer of drawing 9 . 
[Drawing 11] It is drawing showing the Nomarski microscope image of a SiGe layer with a thickness 
of 300nm formed so that it might have a profile with dip. 

[Drawing 12] It is drawing showing a 1000 times as many X diffraction as the SiGe layer which has 

the thickness of 300nm of drawing 1 1 . 

[Description of Notations] 

1 0 Silicon Substrate 

12 Distorted SiGe Layer 

14 Relaxation SiGe Layer 

1 6 2nd SiGe Layer 

1 8 Silicon Layer 
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[Drawing 1 1] 
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